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Outline
• Introduction
• System Safety – What is it and why it is important?
• Uncertainty & Risk Exposure
• Why Resilience?
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Changing Climate
Era of Technology – focus was 
on safety design and quality 
assurance
Era of Human Error – focus was 
on design working conditions 
and human machine interfaces
Era of Socio–Technical 
Interactions – focus was on 
safety culture (Chernobyl & 
Space Shuttle Challenger 
accidents)
Era of Resilience – focus is on 
Vulnerability of our socio-
technical systems in the face of 
unanticipated situations
Resilience
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“a measure of the persistence of systems and of their ability to absorb changes and 
disturbances and still maintain the same relationships between populations or state 
variables”
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Orange regions represent human or scenario uncertainty 
Blue regions represent model uncertainty, and 
Green regions represent the internal variability component. 
As the size of the region is reduced, the relative importance 
of internal variability increases. In interpreting this figure, it 
is important to remember that it shows the fractional 
sources of uncertainty. Total uncertainty increases as time 
progresses.
Chapter 4: Climate Models, Scenarios, and Projections, The Climate Science Special Report (CSSR), Fourth National Assessment (NCA4), 2018
Adaptive Design
Ayyub BM, Wright RN (2016) Adaptive Climate Risk Control of Sustainability and Resilience for Infrastructure Systems. J Geogr Nat Disast 6:
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CASE STUDY








































































Potential Pre-Storm Storage of 32 AC-FT
NOT TO SCALE
Broad Creek












Recommended Design – Sluice Gate
Pros and Cons of Gate
• Pros
• Provides Resiliency
• Up to 32 AC-FT Storage
• Mitigates tidal influence
• Long Term Solution
• Potential Sea-Level Rise 
Protection
• Potential for Grant
• Cons
• Requires additional H&H 
analysis to determine 
downstream impacts (if 
any)
• Requires additional 
geotechnical information
• Elaborate Design
• Significant upfront cost
• More involved 
maintenance than a 
standard spillway
Additional Geotechnical Design 
Considerations 
• A weir structure with a gate will likely require a 
combination of cast-in-place concrete and driven sheet 
piling to stop the flow of water through the earthen dam
• The concrete structure would be shallower and will likely 
require a pile foundation 
• A cofferdam, likely constructed with sheet piling, will be 
required to construct the concrete portion of the structure 
• If sluice gates are chosen, a walkway over the weir, will be 
required to operate the gates
Summary
Steps to be followed to make infrastructure 
projects resilient:
• Access the exposure
• Determine vulnerability & uncertainty
• Adapt design to account for risk tolerance
• Implement the plan
• Continue monitoring exposure
Assess
Determine
AdaptImplement
Monitor
RESILIENCE
Questions/Comments
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